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(57) [Abstract] 

[Constitution] Reacting with diol of comparative polymer, and M . 
DI of excess quantity afterproducing portion prepolymer, it is 
acquired by vacuum distillation doing free MDI theprepolymer 
composition which is improved.. 

[Efifect(s)] It is something which is superior as starting material 
which gives polyurethane molded articlewhere property is good. 



[Claim(s)] 



[»#«1J 2, 4' -ft (2, 2' *0 
^Vv7^-hir, Mw/Mn?i<3. OJaTT'ia-BStt* 



[Claim 1] 2,4-isomer (2,2-isomer- is included. )0.3wt%orgre 
ater is contained, 4, 4'-di phenyl methane diisocyanate, straight 
chain molecule of molecular weight 250 to 4000 which 2 it 
possesses active hydrogen wherethe Mw/Mn is 3. 0 or below, 
Reacting with equivalent ratio 2. 5 or greater 10. 0 or below of 
isocyanate group and active hydrogen group, prepolymer which 
itproduces prepolymer composition where with reduced pressure 
distillation method , it removes free diphenylmethane 
diisocyanate, designates content as 1 wt% or less, at same time, 
designates thatthe Mw/Mn makes 5. 0 or below as feature and is - 
improved. 



[O^OOl] 

o 

[0002] 

stir tti. xmJ'i±tt£<xmtiift&tf 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards prepolyme 
r composition where polyurethane or polyurethane urea molded 
article (Below , it names polyurethane molded article simply. ) 
isimproved. 

[0002] 

[Prior Art] Until recently, elastic fiber , elastic film and elastom 
-eric various molded article , thevarious goods which possesses 
surface film of artificial leather and rubbery elasticity which 
issuperior in various paint or other surface coating and 
impregnating agent etc is produced from polyurethane 
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solutionwhich substantially does not possess crosslinked structure. 
In addition, furthermore is superior even in durability it has 
thefeature that mechanical strength is large in comparison with 
. natural rubber. This polyurethane molded article 
prepolymerization reaction due to did (It names did below . ) of 
comparative polymer of molecular weight 250 to 4000which 2 it 
-possesses organic diisocyanate and active hydrogen does, after 
that, solvent after adding from 2 step which does chain 
extensionmaking use of diamine etc has been produced. As for 
method which uses this solution because system which isrich to 
fluidity with room temperature in comparison with method 
whichforms by heating and melting doing polyurethane of solid 
state that way, can behandled, handling is easy generally, there is a 
feature which can beproduced more simply even in equipmentwise 
and processwise. 

[0003] But, as with prepolymer which synthesizes 4, 4'-di phenyl 
methane diisocyanate and diol whichinclude 2 J 4'-isomer and .2,2'- 
isomer regarding prepolymer production step, with equivalent 
ratio 2.0the diol 2 to 3 molecules connects with MDI , forms 
oligomer unreacted free MDIforms. Formation of oligomer 
increasing distance between hard segmentconsiderably, mechnical 
property of molded article becomes cause which 
decreasescdnsiderably, in addition, as for existence of free MDI, 
becomes thecause of localization of hard segment at time of chain 
lengthening, neither onthe polyurethane molding production such 
as sudden rise (It names gelation below . ) and clouding of 
viscosity isdesirable. 

[0004] This kind of problem is solved for sake of, That content o 
f unreacted MDI is decreased, to be thought, It is to be known 
generally, but for example Japan Examined Patent Publication 
Sho 47 - 35 31 7 number, Japan Unexamined Patent Publication 
Hei 4 - 100919 number,the Japan Unexamined Patent 
Publication Hei 5 - 271432 number and Japan Unexamined 
Patent Publication He'i 5 - 27201 1 number, method which reacts 
with the 1.4 to 1.6 has been disclosed equivalent ratio of diol and 
MDI in Japan Unexamined Patent Publication Hei 4 - 
126821 number particulars, but quantity of unreacted MDI 
although itdecreases, is insufficient, in addition, oligomer forms 
in large scale. 

[0005] Furthermore, when in fixed length decompression after doi 
ngj removingthe load, as for elastic recovery of polyurethane 
molded article there is a deficiency that isinferior in comparison 
with recoverability of natural rubber. Because of this, 
improvement of further is sought concerning the various elastic 
function. As namely, elastic function, it is desired that stress 
variation for high elongation at break and strain is small and 
hysteresis loss at time of extension and retraction being small. 

[0006] Attempt which uses various low melting point diol with im 
provement of these elastic functionas object has done, but it has 
not reached to level whichsatisfies above-mentioned elastic 
function. As low melting point diol ether ester diol is used to for 
example Japan Unexamined Patent Publication Showa 59 - 
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179513 number, but being inferiorto hydrolysis resistance and 
mold resistance or other durability because ester bonding group 
exists in diol component, itcauses new problem. In addition, diol 
• which adds ethylene oxide , propylene oxide and polybutylene. 
oxide etc to polytetramethylene glycol as diol component, or, as 
for polyurethane polymer which uses thecopolymer alkylene ether 
glycol of tetrahydrofuran and aforementioned alkylene oxide 
greatly is a deficiencywhich decreases by comparison with ■ 
polyurethane to which water resistance andthe light resistance or 
other durability use only polytetramethylene glycol. 

[0007] In addition, prepolymer rear of synthesis, As for method 
which free monomer vacuum distillation is done being known 
fromthe time before, to be, for example Japan Unexamined 
Patent Publication Showa 54 - 149785 number, Japan 
Unexamined Patent Publication Showa 61-221215 number, 
Japan Unexamined Patent Publication Showa 63 - 278923 number, 
Japan Unexamined Patent Publication Hei 4 - 8719 number, 
Japan Unexamined Patent Publication Hei 4 - 202417 number and 
method which produces elastomer from prepolymerwhich Japan 
Unexamined Patent Publication Hei 4 - 252220 number 
particularly etc decreases free monomer of thediisocyanate toluene 
is stated, but example which decreases free MDI is notfound, in 
addition, when producing urethane elastomer composition, 
concerning production method ofthe polyurethane solution, 
'heterogeneous reaction in solvent is decreased, there is not 
* statementconceming controlling cohesiveness. 

[0008] 

[Problems to be Solved by the Invention] As for Problem That Th 
is Invention Seeks to Solve, with conventional method solution 
was impossible, 2 problem,decrease oligomer production decrease 
of free MDI is solved simultaneously, starting liquid for yarn- 
spinning, solution for film or formation, paint solution for 
surface coating, Or as impregnating agent and adhesive solution, 
stability is good with transparent, the workability is good, when 
you obtain polyurethane solution, in addition, removing the 
solvent, producing molded article, it is to improve prepolymer 
with propertyimprovement as object. 

[0009] 

[Means to Solve the Problems] As for these inventors, In order res 
ult of diligent investigation, to decrease oligomer production in 
order to solvethe above-mentioned problem, diol reacting with 
MDI of theexcess quantity, in addition, it removed reaction 
product (It names from now on partial prepolymer. ) which 
isacquired with reduced pressure distillation method , it solved 
above-mentioned problem bydecreasing content, stability of 
solution, it discovered factthat property of molded article 
improves, arrived in this invention' 

[0010] Namely, this invention is as follows. 2,4-isomer ( 2,2-is 
omer is included. ) 0.3 wt% or greater is contained, 4, 4-di 
phenyl methane diisocyanate, straight chain molecule of 
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molecular weight 250 to 4000 which 2 it possesses active 
hydrogen wherethe Mw/Mn is 3. 0 or below, Reacting with 
equivalent ratio 2. 5 or greater 10. 0 or below of isocyanate group 
and active hydrogen group, prepolymer which itproduces 
prepolymer composition where with reduced pressure distillation 
method , it removes free diphenylmethane diisocyanate,designates 
content as 1 wt% or less, at same time, designates thatthe Mw/Mn 
makes 5. 0 or below as feature and is improved. 

[001 1] Is improved prepolymer which, oligomer production to be 
little, furthermore, free MDI is prepolymer of thel .0 % or lower 
with unreacted, this kind of feature, from fact thatreaction with 
free MDI and chain extender where reactivity is high at thetime 
of reacting with prepolymer and chain extender, is controled, 
controling local reaction becomes possible, furthermore, from 
fact thatthe delocalization it is possible connection where 
cohesiveness is high, thestability of polyurethane solution 
increases. In addition, it is thought that even at time of solvent 
removal theproperty of molded article improves from fact that 
balance well it doesthe phase separation of micro coagulating 
portion and noncoagulating portion. 

[0012] It measured value of Mw/Mn in this invention, due to gel p 
ermeation chromatography (GPC) . measurement condition of 
GPC is as follows, eluate : teti^ydrofuran , flow rate : 1 .0 ml per 
minute , column oven temperature ;40 °C and column : 
TSKGEL GMHXL,G2000HXL,G1 OOOHXL (Above, Tosoh 
Corporation (DB 69-057-3724) supplied ), value of detector : 
differential refractometer and Mw/Mn calculated concerning main 
peak, 

[0013] In this invention, prepolymer which is improved is produc 
ed from thefollowing 2 step, namely, straight chain molecule of 
molecular weight 250 to 4000 which 2 it possesses active 
hydrogen, With equivalent ratio excess quantity MDI of 2. 0 or 
greater 10. 0 or below, with reaction, first step which produces 
partial prepolymer, it has been formed from second step which 
removes free MDI inthe partial prepolymer which is acquired under 
vacuum. 

[0014] Organic diisocyanate which is used in first step 0.3 wt% or 
greater contains 2,4-isomer ( 2, 2'-isomer is included. ),beinga 
diphenylmethane diisocyanate (It names MDI below . ) where 
remainder is 4,4'-isomer, part and carbodiimide modification or 
otherincludes MDI which was done. Furthermore, it is good 
procuring MDI with solid and,procuring with molten state, it is 
good using, but because MDI oflhe molten state can exclude 
dissolving operation, it is desirable. 

[0015] You can list poly ether glycol , polyester glycol or these c 
opolymer and blend etc asthe straight chain molecule of 
molecular weight 250 to 4000 which possesses active hydrogen, 
molecular weight under 250 elastic performance becomes bad, 
4000 super withpolyether glycol , in regard' to polyester glycol 
production with difficult. Main ones of suitable polyether glycol 
are polyalkylene ether , for example polytetramethylene glycol , 
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polyethylene glycol , polypropylene glycol ,the polybutylene 
glycol and polyhexamethylene glycol etc. In addition, when 
producing these, from blend of monomer whichis used random 
copolymer which is produced, Also block copolymer which 
changed manufacturing method can use. property of molded 
article compared to feet that it is used for idealis 
polytetramethylene glycol. 

[0016] Polyester glycol like public knowledge, is acquired from con 
densation polymerization of dibasic acid andthe low molecular 
weight glycol, It can use succinic acid , adipic acid , suberic acid , 
sebacic acid , terephthalic acid , the hexahydroterephthalic acid 
and azelaic acid etc as dibasic acid, in addition, it can use 
theethyleneglycol , diethylene glycol , propylene glycol , 1,4 
butanediol, neopentyl glycol , 1,6 - hexamethylene glycol and 
the cyclohexane - 1,4-diol etc as low molecular weight glycol. 

[0017] Equivalent ratio (It names from now on NCO /OH equival 
ent ratio. ) of MDI and diol 2.0 to 10.0 is desirable, furthermore it 
is a preferably 2.5 to 7.0. NCO /OH equivalent ratio under 2.0, 
ratio of oligomer production becomes large, becausethe vacuum 
distillation doing unreacted MDI and not be able to control 
oligomer production, the desired prepolymer is not acquired, it 
does not contribute to property irnprovementof molded article. In 
addition, when NCO /OH equivalent ratio exceeds 10.0, because 
content ofthe free MDI is many with unreacted other than 
prepolymer of composition which is made object, it requires many 
times in vacuum distillation in the poststage, changes such as 
property changing be able to think viscosityetc of prepolymer, it 
is not desirable. " 

[0018] As for order of introduction of 1st step lumping together s 
, traight chain molecule of molecular weight 250 to 4000which 2 it 
possesses organic diisocyanate and active hydrogen, Or if it is a 
short time in fully in comparison with time whenreaction advances, 
loading which in which, reacting, you are notconcerned. organic 
diisocyanate at a time trace is dripped to straight chain molecule of 
molecular weight 250 to 4000which 2 it possesses active hydrogen, 
Or when continuous introduction it does with such as metering 
pump, excessively longspending, time when it loads, because after 
all molecular weight becomes theinfinitely large with respect to 
substance, it -requires caution. 

[0019] When reaction temperature of 1st step preferably 30 to 12 
0 °C , furthermore is preferably 50 to 80 °C, thereaction 
temperature is lower than 30 °C, reaction time extends, is not 
desirable inthe industrially, in addition when, reaction temperature 
is higher than 120 °C,because it becomes cause which allophanate 
connection etc it forms suchas side reaction to happen, causes 
viscosity rise and gelation etc in thelarge scale it is not desirable. 



[0020] »_Ifi|cfilt5J*EftBI±SB8 0~2 0 [0020] Ifit does vacuum distillation in second step with temperatu 

0°C, EA2mmH gjyT"t?ffl\ iH&fCfcfcoTIi, M re 80 to 200 °C , and pressure 2 mmHg or less itdepends on thin 
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film distillation method at time of production, can it be possible 
itis desirable to decrease thermal history of prepolymer. As this 
objective, thin film evaporator of Smith is suitable. 

[0021] When producing polyurethane molded article it acquired ma 
king use of prepolymer which isimproved, to do chain lengthening 
after melting, making use of chain extender tothe solvent, 
removing solvent of polyurethane urea solution (Below , it names 
polyurethane solution. ) which isacquired, it produces prepolymer. 
It can designate shape of molded article as film , sheet andthe 
strand with molding method . 

[0022] 

[Working Example(s)] Next, this invention furthermore is explai 
ned in detail with Working Example , butthese Working Example 
are not something which limits this invention. Result of Working 
Example and Comparative Example is shown in Table 1. If there 
is not especially notice in example, part and theratio depend on 
weight basis. 

[0023] 
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[0024] m 



1 



J^$>^Vv7t- h (filT, 2, 4' MDIt»t 
$0. 6%t^-T54, 4' y7i-^$»W 
v7t-F (JST, 4, 4' MDIfcfrrS) AvfeftiM 
D I 2 5 0 g (2. 0 0SS) s »^M^1 9 5 8t, M 
w/M n AM. 9r$)^;KUT b7*?\s>cnj*-)i, ( 
JJIT, PTMEGtfiitS) 4 90 g (0. 5 0S») * 
SALfeo S*»3ETI=B 5°cr*3^^SIE*#, NCO 
a^^t (BIT, NC0%ir^*TS) 3. 0 1%, &£3 
4 0.0 c p s/2 5 0 CCD/^-v^^^U7^ijT-$#fc o 



[0024] Working Example . 1 

MDI 250g(2.00 equivalent) and molecular weight which consist of 
4, 4' diphenylmethane diisocyanate (Below , it names 4, 4* MDI. 
) which 2, 4'-di phenyl methane diisocyanate (Below , it names 2, 
4' MDI. ) 0.6 % is contained being 1958 in glass reactor of 
internal volume 1 liter,the polytetramethylene glycol (Below , it 
names PTMEG. ) 490g(0. 50 equivalent) where Mw/Mnis 1.9 
was loaded. Under nitrogen stream 3 hours reacting with 85 °C, 
NCO group content (Below , it names NCO %. ) 3.01 % ,it 
acquired partial prepolymer of viscosity 3400 cps /25 °C. free 
MDI was distilled with condition of 140 °C and 0.0 1 mmHg 
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^T14 0°C, 0. 0 1mmHg©ftfrt«KMDlSB 
fcb^ttfco S&MD I fi8 3. 8 gT'fty, #6*Lfe^U 
7t?'jT-ONCO%l43. 0 1%, M(±1 3 8000c 

MD I 0a*fc3W*ICjad»Lfco 
[0 0 2 5] ttlS0iJ1 



HiEf J 1 fc |5]-<DSiS§gfCT> M D I 1 2 5 g IC-T 

iliff fcbfcfr o fc e ft fcftfc U?K 'J ^ -0 N C 0 %l± 
3." 2 8%, Jlfittfil 0 7 000 c p s/2 5 °C, i£$M 
D I 0ftfJl 0. 2lI%TSofe e Mw/Mn<7) 

I ©Mt,3fE»l=lia'>LT^«E^o 



[0 0 2 6] tfc$£#J 2 
HitffJl t|5l-fl5fiJESS, MDL PTMEGlIt, MD 

T-ONC0W!±1. 73%, MliaiOOOOcps 
/2 5°C, &g|MD I <D»i3.. 7 4li%tfio/; 0 * 

/is Mw/Mn©ftli1 7. 2r'iyt'ji?-^ii: 



[0 02 7] H; 



> 2, 4' MDI 40. 5% (2, 2' MD I £$tt&T 
1510 4, 4' MDI 5 9. 5%CDt ) <D£ffi^-f6teli£ 

-<DNC0%f£3. 05%, ttfilil 2 9000c p s/ 
2 5°C, jgg£MD i 0>«[±O. 1 8lS%t^ofe e $fc 

[0 0 2 8] tt&0j3 



*te#]2£H-a)£jES&* mdl ptmeg/zt, md 

•j7-©NC0%fi3. 32%. fiflil 02000cp 
s/25°C. jggtMD I 0»IJl 1 , 4lMWC*ofc 0 
Mw/Mn©ttt9. 2T**y, * 'J =r?-A<£j* 



[002 9] H; 



xyL/>yij3-;ufc75?e>||i:©»*|Cckyff6n* 



thispartial prepolymer 500g, making use of thin film evaporator, 
distilled MDI was 83. 8g, as for NCO % of obtained prepolymer as 
forthe3.01 % and viscosity as for 138000 cps/25 °C and free 
MDI was 0.1 5 %. In addition, value of Mw/Mn was 2.2, also 
oligomerdecreased also content of free MDI to satisfactory little. 



[0025] Comparative Example 1 

With same reactor as Working Example 1, besides quantity of M 
DI isdesignated as 125g in same way, prepolymer was synthesized. 
It did not remove free MDI. As for NCO % of obtained 
prepolymer as for 3.28 % and viscosity as forthe quantity of 
107000 cps 125 °C and free MDI it was a 1 0.2 wt%. In 
addition, value of Mw/Mn it is a 8.5, oligomer forms inthe large 
scale, has not decreased either content of free MDI to 
thesatisfactory . 

[0026] Comparative Example 2 

Same reactor as Working Example 1, with MDI and PTMEG , b 
esides thequantity of MDI is designated as 94g prepolymer 
wassynthesized in same way. It did not remove free MDI. As for 
NCO % of obtained prepolymer as for- 1.73 % and viscosity as 
forthe quantity of 31 0000 cps 125 °C and free MDI it was a 3.7 
4 wt°/o. In addition, value of Mw/Mn it is a 17.2 and oligomer 
formsin large scale, has not decreased, either content of free MDI 
to thesatisfactory . 

[0027] Working Example 2 

Nuclear ratio of MDI which with same reactor as Working Examp 
le 1, isused, besides those of 2, 4' MDI 40.5 % (Below including 2, 
2' MDI, same) 4, 4' MDI 59.5 % are used synthesized the portion 
prepolymer with completely as similar, removed free MDI making 
use of the thin film evaporator. As for NCO % of obtained 
prepolymer with 3.05 %, as for viscosity withthe 129000 cps /25 
°C, as for quantity of free MDI it was a 0. 1 8 weight %. In 
addition, value of Mw/Mn was 3.8, also oligomerdecreased also 
content of free MDI to satisfactory little. 

[0028] Comparative Example 3 

Same reactor as Working Example 2, with MDI and PTMEG , b 
esides thequantity of MDI is designated as 125g prepolymer 
wassynthesized in same way. It did not remove free MDI. As for 
NCO % of obtained prepolymer with 3.32 %, as for viscosity 
withthe 102000 cps /25 °C, as for quantity of free MDI it was a 
1 1.4 wt%. In addition, value of Mw/Mn it is a 9.2, oligomer 
formSjhas not decreased either content of free MDI. 

[0029] Working Example 3 

Same reactor as Working Example 1, diol which with MDI, is use 
dthe molecular weight which is acquired by condensation of 
ethyleneglycol and theadipic acid besides ethyleneglycol adipate 



ISTA's ConvertedKokai(tm), Version 1 .2 (There may be errors in the above translation. ISTA cannot 
be held liable for any detriment from its use. WWW: http://ww.intlscience.com Tel:8G0-430-5727) 



P.9 



MAY 18 2000 14:08 



1 610 527 2041 



PAGE. 10 



2 5%, 3Kgfi9 8000cps/25t igglMD I 0) 
SfiO. 2 3ifi%t'j&ofee Sfel'Mw/Mn©ili2 

#[::3*'>Lfc. 
[0 0 3 0] i±|£#j4 

v^-hfcr, MD I 2 5 glcr4ftl4H»l=3T 

fco #b^/;^U7K'jT-(73NCO%l±3. 4 9%, &g 
Ii8 7 5 0 0 cps/25°C > SKM D I (Dm.it 12.9 
SfiWT'fcofco tfe, Mw/Mn©ttl47. 



[003 1] 



where 1829 and Mw/Mn are 2.1 isused portion prepolymer was 
synthesized with completely as similar, free MDIwas removed 
making use of thin film evaporator. As for NCO % of obtained 
prepolymer with 3.25 %, as for viscosity withthe 98000 cps /25 
°C, as for quantity of free MDI it was a 0.2 3 wt%. In addition, 
value of Mw/Mn was 2.2, also oligomerdecreased also content of 
free MDI to satisfactory Me. 

[0030] Comparative Example 4 

Same reactor as Working Example 3, with MDI and ethylenegly 
col adipate , besides thequantity of MDI is designated as 125g 
prepolymer wassynthesized in same way. It did not remove free 
MDI. As for NCO % of obtained prepolymer with 3.49 %, as for 
viscosity withthe 87500 cps /25 °C, as for quantity of free MDI 
it was a 12.9 weight %, In addition, value of Mw/Mn it is a 7.9, 
oligomer forms,has not decreased either content of free MDI. 

[0031] 

[Effects of the Invention] Due to this invention , quantity of free 
MDI is small, in addition, theMe prepolymer acquired also 
formation of oligomer. 
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